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ABSTRACT
Aspects of the ecology of the cownose ray, Rhinoptera
bonasus, in the lower Chesapeake Bay and its tributaries
were studied using aerial surveys, biotelemetry, and
examination of stomach contents.
The Chesapeake Bay was surveyed by airplane during
1986-1989, to examine the distribution of cownose rays and
estimate their abundance using line transect methods.
Cownose rays resided in Chesapeake Bay throughout the summer
months, entering in early June and emigrating in late
September. They were usually absent, or nearly so, by late
October. Mean monthly abundance ranged from none present in
May and November, to a September average of 9.3 * 106 rays.
Maximum estimated abundance was 3.8 • 107 cownose rays in
September 1988, a year when cownose rays formed an
exceptionally large pre-migratory school.
Sonic and radio-frequency transmitters were attached to
free-swimming cownose rays which were followed for periods
ranging from 6-13 h to examine swimming behavior. Six adult
cownose rays were tracked and all except one showed directed
movement which differed significantly from random circular
movement. All but one of those swam in the direction of the
tidal current. These results were in concurrence with
theory suggesting that negatively buoyant fishes should
benefit by using tidal stream transport to minimize energy
expenditure.
Analysis of stomach contents to determine prey species
was not possible because the bivalve prey could not be
identified to species from the small shell fragments
present. For this reason, an index of relative importance
could not be calculated. The molluscan families Mytelidae
(mussels) and Solenidae or Psammobiidae (razor clams)
predominated in the stomachs and spiral valves of trawlcaught specimens from the Chesapeake Bay eastern shore.
Gastrointestinal tracts from pound net-caught specimens were
generally empty, and the one specimen harpooned in the York
River contained a few shell fragments from hard clam.
Assuming a daily ration of 3% of its body weight, an average
weight of 7.13 kg, and using the mean September abundance
estimate, it was estimated that in Chesapeake Bay cownose
rays could consume an average of 1.95 • 103 metric tons of
biomass daily.

DISTRIBUTION, ABUNDANCE, AND BEHAVIOR
OF THE COWNOSE RAY,
RHINOPTERA BONASUS (MITCHILL 1815),
IN LOWER CHESAPEAKE BAY

CHAPTER ONE:
INTRODUCTION AND BACKGROUND

The Chesapeake Bay is a large and highly productive
estuary that supports a complex and ecologically important
benthic community and is seasonally invaded by a diverse
assemblage of migratory fishes.
bonasus (Mitchill 1815)

The cownose ray, Rhinoptera

(Family Rhinopteridae), is one of

the migratory fish species that occurs in large numbers in
Chesapeake Bay during the summer.

Its feeding activities

have been reported to cause serious damage to eelgrass,
Zostera marina, beds, which provide important nursery areas
to commercial and recreational finfish and crustacean
species in Chesapeake Bay and its tributaries (Orth 1973,
1975) .

More importantly, however, it is an apex predator on

benthic epi- and infauna and, as such, is an important
component of the estuarine food chain.
Many important aspects of cownose ray ecology are
unknown.

For instance, it is the only species of ray in the

Chesapeake Bay that regularly swims at the surface.
adaptive significance of this behavior is a mystery.

The
If

schooling is facilitated through visual contact with other
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school members, surface swimming may allow maintenance of
school integrity in turbid waters.

The mechanisms by which

the cownose ray navigates during migration are unknown, but
surface swimming would facilitate celestial navigation.
The spatial utilization of an animal's habitat is
central to an understanding of its ecology.

Therefore,

those areas of the Bay and its tributaries that are most
utilized by cownose rays are of interest.

If the cownose

ray frequently occupies areas where prey is concentrated,
either artificially as in seed oyster plantings or naturally
as in clam beds and oyster reefs, then it may be quite
important locally as a predator.

Alternatively, if the

cownose ray ranges over a large expanse of territory, it may
have a great impact on a wider variety of prey.

Knowledge

of the speed at which a cownose ray travels is important if
it is wide-ranging in Chesapeake Bay because of the
increased potential for predation.

With sufficient data, an

estimate of the potential for predation by an individual ray
may be extrapolated to the population level to quantify the
potential impact on benthic resources.
Information concerning the food preferences of the
cownose ray in the Chesapeake Bay is limited.

Smith and

Merriner (1985) analyzed the stomach contents from 69 rays
collected from pound nets in Chesapeake Bay tributaries and
found its most important prey item to be Mya arenaria,
followed by Macoma balthica.

They also noted, however, that

"...rays are serious predators on commercial oyster grounds

during the summer" (Smith and Merriner 1985, p. 307) .

This

statement was made on the basis of examination of oyster
grounds reportedly "ravaged" by feeding schools of rays and
a limited field experiment (Merriner and Smith 1979a).

They

did not collect rays that were actively feeding over oyster
beds, which may explain why the index of relative importance
for Crassostrea virginica was so low.
Prey preference might change with location, season,
time of day, prey availability, or any combination of these.
Stomach content analysis over a longer time frame (re. Smith
and Merriner 1985) and from a wider variety of cownose ray
habitat would increase our knowledge of cownose ray feeding
habits.

Prey preference might change with age, so samples

across all size (age) classes should be examined.
Commercial oyster planters in the Rappahanock River
report that the cownose ray seriously impacts the commercial
oyster beds there (Pers. Comm., F. Garret, Bowler's Wharf,
Virginia, 1988).

Predation on oysters by the cownose ray is

certainly influenced by factors such as ray abundance, the
amount of time the ray remains in an area where prey are
available, the amount of time spent near the bottom, and the
length of time that the ray remains in the Bay and its
tributaries.
Merriner and Smith (1979) suggested that, because the
cownose ray exhibits a low fecundity, its abundance might be
controlled through a directed fishery.

There is potential

for commercial exploitation because the cownose ray can be

dressed for market at relatively low cost and the finished
product is of high quality in taste and texture

(Otwell and

Crow 1977; Otwell and Lanier 1978; Merriner and Smith 1979b;
Smith and Merriner 1985);

however, it is not currently

utilized and no ready market has been identified.
Knowledge of the biology, distribution, abundance, and
the ecology of the ray may provide a basis for determining
the feasibility of a fishery.

In general, elasmobranchs

(including Rhinoptera bonasus) have a low fecundity and are
relatively slow growing (Holden 1974; Smith 1980); thus, a
sustained fishery must be managed so as not to overexploit
the stock.

This requires an accurate estimate of the

population size and subsequent monitoring.

If, however, the

cownose ray is considered a pest to be exterminated (an
approach preferred by some seed oyster planters),
information on cownose ray distribution and abundance is
needed to estimate the cost involved.
Factors that must be taken into account when
considering a fishery for cownose ray include:

1) What is

the difference in potential profit between a sustainable
fishery and a short-term fishery?

This can be calculated

when the number of rays is known and related to their
catchability and the stock's potential for recovery.

2) Is

the cownose ray's impact on the shellfish industry great
enough to warrant or even require depletion of the stock
through a short-term, intense fishery?

3)

What are the

potential effects on other trophic levels in the Bay?

In this dissertation I review the present state of
knowledge of cownose ray biology and report on three studies
conducted to elucidate patterns of distribution and
abundance of the cownose ray and aspects of its behavior and
ecology in lower Chesapeake Bay.
reported herein:

Each of the three projects

Chapter Three - Distribution and abundance

of the cownose ray in Chesapeake Bay; Chapter Four Swimming behavior of the cownose ray; and Chapter Five Feeding ecology of the cownose ray in Chesapeake Bay; is
presented along the traditional lines of a standard
scientific paper.

A chapter describing the present state of

knowledge of cownose ray biology from literature sources
will precede these reports and a final chapter will provide
additional comments and some conclusions based on the work
reported in the preceding chapters.

The citations of

literature referenced in each chapter will be reserved for a
final section.

Two references (Blaylock 1989, 1990) that

resulted from research connected with this work are cited at
various places in the text and reprints are appended inside
the back cover.

CHAPTER TWO:
A REVIEW OF COWNOSE RAY BIOLOGY

SPECIES DESCRIPTION
This description is taken from the following published
accounts except where noted otherwise:

Mitchill (1815);

Jordan and Evermann (1896); Garman (1913); and Hildebrand
and Schroeder (1928).
The disc width (DW, straight line measurement from
pectoral tip to tip) is approximately one-third broader than
the anterio-posterior trunk dimension (Figure 2.1A).

The

head is short, blunted frontally, and the snout is indented
in the center.

Pectoral fins are not continuous with the

head and are pointed and falcate posteriorly.

Rostral fins

are detached from the pectorals and form pronounced,
flexible lobes anterior to each orbit.
The mouth is positioned ventrally and posterior to the
front of the head (Figure 2.IB).

Nasal valves are confluent

with the mouth in a broad flap, free posteriorly and
laterally.

Ampullary pores are present and especially

numerous on the anterio-ventral surface (Smith and Merriner
1985).

Ampullae of Lorenzini, implicated in

electroreception (Murray I960, 1962; Kalmijn 1966, 1971,
1972), may function for prey detection in skates (Raschi
1986; Raschi and Williams 1988), but this has not been
conclusively demonstrated for rays (Blonder and Alevizon
1988);

however, navigation using magnetic fields is another

possible function.

Teeth are broad and hexagonal, forming a

pavement-like surface in seven rows (Figure 2.1C), although
the number of rows may vary (Schwartz 1990) .

A spiracle is

located just posterior to each eye and opens into the
orobranchial chamber; which exits ventrally through five
gill slits to each side of the medial plane.
Skin is smooth, lacking denticles, usually brown in
color dorsally and light cream-colored to white ventrally.
All white coloration occasionally occurs in the species
(Schwartz 1959; Joseph 1961), but albinism is ruled out
because in both reported specimens the irises were normally
pigmented.

The tail is slender and less than twice as long

as the disc width.

At the base of the tail are one to three

serrated caudal spines.

The possibility that spine

replacement is seasonal, as in Dasyatis sabina (Teaf and
Lewis 1987), has not been investigated in the cownose ray.
The dorsal fin is small and located anteriorly adjacent to
the spine.

Figure 2.1

4-4
Upper

C.

Lower

A. Dorsal view of an immature male cownose ray.

B.

Ventral view showing mouth (ampullary pores not shown). C.
Pavement-like teeth.
1 9 5 3 ).

(Redrawn from Bigelow and Schroeder
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LIFE HISTORY
Present knowledge of cownose ray life history resulted
from a Master's thesis study conducted by J. W. Smith (1980)
in Chesapeake Bay at the Virginia Institute of Marine
Science (VIMS), College of William and Mary.
Sexual dimorphism in size was evident; adultfemales
were larger than adult males (mean size and weight -

96 cm

DW and 15.5 kg versus 89 cm and 11.8 kg, respectively).
Females matured at about 90 cm DW.

Age and growth analysis,

using vertebral sectioning for age determination, indicated
that Do,, the asymptotic DW, for cownose rays from
Chesapeake Bay was 1141 mm for females and 997 mm for males.
Smith determined von Bertalanffy growth equations for each
sex:
for females, DWt= 1141 [1 - e*0149(t+ 328)] ;
and for males, DW, = 996 [1 - e-°21S(t+2-55)].
Age at maturity was seven to eight years for females and
five to six years for males.

The cownose ray appears to be

moderately long-lived; the oldest female specimen examined
by Smith was determined from vertebral rings to be at least
ten years and the oldest male eight years old.
One young per gravid female was born in late June and
early July and averaged 40 cm DW.

Fetuses were situated in

the left uterus with the rostrum facing anteriad and the
pectoral wings were folded dorsally upon themselves (Smith
1980, and pers. obs.).

At three-quarter term (collected in
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May) the yolk sac and stalk were almost completely absorbed
(Smith 1980).

Although copulation was not witnessed, and

thus, the time of mating is unknown, Smith (1980) found that
males were ripe from mid-May until at least late August in
the Chesapeake Bay.

Gravid females left the Bay in the fall

with relatively large embryos (Smith 1980).

DISTRIBUTION
Rhinoptera bonasus is widely distributed seasonally
along the Atlantic coast of the United States and the Gulf
of Mexico.

It is the only species of the genus found on the

United States Atlantic Coast.

Bigelow and Schroeder (1953)

describe cownose ray habitat as being from Nantucket,
Massachusetts to Florida; however, they stated that it is
rare in Chesapeake Bay.

It is surprising that as late as

1950 it was considered noteworthy that a cownose ray
specimen was captured near Solomons, Maryland (Bayliff 1951)
considering that it is extremely common in Chesapeake Bay
during the summer —
1975; Smith 1980).

at least since the mid-1970's (Orth
Bayliff (1951) did state that natives of

Solomons asserted that it was often caught in that vicinity.
Schwartz (1965), on the basis of an unspecified number
of tag returns, suggested in an abstract that some of the
rays inhabiting the Chesapeake Bay during the summer range
as far south as Venezuela; however, the route taken by the
rays is unknown.

Cownose rays that Schwartz believed to
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migrate from the Chesapeake Bay to Venezuela appeared to
arrive in the Venezuelan region in mid-January and depart in
early March.

According to Schwartz another population

inhabiting the Gulf of Mexico migrates clockwise from the
Yucatan Peninsula to Florida, returning to the Yucatan in
the fall.
U.S. Coast Guard thermographic aerial surveys (cited in
Smith 1980) reported cownose ray sightings off northern
Florida in mid-March, 1977.

Smith (1980) showed that

cownose rays appear off Cape Hatteras in April and first
appear in the Chesapeake Bay vicinity at the beginning of
May, apparently in response to northward movement of 15-16
°C surface isotherm.

It is not known precisely how fast the

cownose ray swims when migrating, but it is probably not
more than 4-5 kt (Smith 1980) and more likely, 2-3 kt (see
Chapter Four); thus, it is difficult to reconcile Schwartz's
(1965) observations with other (admittedly limited)
migratory data.

I consider the possibility that members of

the seasonal Chesapeake Bay cownose ray population migrate
to Venezuela and return to the Chesapeake Bay in the same
year to be unlikely.
Smith (1980) and Smith and Merriner (1987) suggested
that there may be four populations of i?. bonasus in the
western North Atlantic, with centers of distribution located
in middle to southern Brazil, northern South America, the
Gulf of Mexico, and the East Coast of the United States.
Smith (1980, p. 90) also stated however, that "If Schwartz's

report is accurate, the latter two (populations) may be
highly migratory components of the Venezuelan stock".

He

questions the feasibility of an inter-American migration
based on calculations of speed traveled per day through the
South Atlantic Bight which were between 7.9 - 12.5 nm/day
(Smith 1980, Table 15, p 88).

He points out that it would

be impossible to make the approximately 1200 nm journey
twice in three months time.

The areal extent of cownose ray

migration is still open to question; however, the fact that
R. bonasus does undertake seasonal migrations into and away
from Chesapeake Bay is well established.

BEHAVIOR
During migration Rhinoptera bonasus may occur in
schools of many thousands of individuals visible from
altitudes at which aerial surveys are practical (Otwell and
Lanier 1978; Clark 1963; Cetacean and Turtle Assessment
Program, University of Rhode Island (CETAP) unpubl. data;
Blaylock 1989).

Evidence that R . bonasus spends a

disproportionate amount of time at the surface comes from
large numbers of sightings of surface swimming schools and
individual rays during aerial surveys (CETAP unpubl. data;
Smith 1980, Blaylock 1989; Rogers et al. 1990).

The

temporal extent of surface swimming behavior is unknown, but
may be considerable and is an important aspect to be
considered when estimating abundance from aerial surveys.

Although the fact of extensive surface swimming
behavior by R. bonasus is well known, the reason for it is
not.

Nor is the mechanism by which this species navigates

during migration understood.

It is possible that celestial

cues or polarization of sunlight are used in navigation
during migration, but until more is known about the extent
of surface swimming behavior and the visual acuity of R.
bonasus, there remain little data with which to evaluate
these possibilities.

Swimming near the surface may enable

the ray to maintain close proximity with conspecifics
through visual contact in areas of high turbidity.

FEEDING ECOLOGY
According to Smith and Merriner (1985) , cownose rays in
the Chesapeake Bay invade inter- and sub-tidal flats to feed
during high tide.

Circular excavations were found in areas

where rays were presumed to be feeding.

Orth (1975) also

noted such depressions, which he described as bowl-shaped
with a central, steep-sided cavity approximately 15-20 cm in
diameter and 20-40 cm deep.

Similar depressions

characterized the bottom of a pen where several cownose rays
were maintained in a feeding experiment (Merriner and Smith
1979a).

Smith and Merriner (1985) suggest that the feeding

mechanism of the cownose ray is a combination of erosion of
the surface sediments by stirring motions of the pectoral
fins, suction by expansion of the orobranchial chamber, and
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venting of sediments by contraction of the orobranchial
chamber until the infauna are eventually drawn into the
mouth.
Mollusks of various species appear to be the
predominant prey of R. bonasus according to published
accounts (Jordan and Evermann 1896; Smith 1907; Radcliffe
1914; Bayliff 1951; Orth 1975).

Smith and Merriner (1985)

found that the cownose ray is catholic in its diet of
mollusks and speculated that it probably feeds on species
most abundant in its locale.

They noted that as the rays

grow larger, deeper burrowing infauna become more important
in their diet.

Rays caught in pound nets were however,

found with teleost remains and anchovies in their stomachs,
and rays were caught on hook and line with cut bait.

In a

limited number of cownose ray specimens I obtained from
pound nets in the Rappahanock River during summer 1986,
those stomachs which were not empty contained spot
(Leiostomus xanthurus) and other teleost remains (see
Chapter 5).
Smith (1980) and Smith and Merriner (1985), through
stomach content analysis, showed the soft shell clam, Mya
arenaria, to be the preferred prey of the cownose ray in the
lower York River.
abundance as prey.

Macoma balthica ranked second in
Other shellfish found in cownose ray

stomachs included Tagelus plebeius (stout razor clam),
Mercenaria mercenaria (hard clam), Geunkensia demissa
(ribbed mussel), and Crassostrea virginica (American

oyster).

Since oysters are scarce in the lower York River

where these samples were obtained, it is not surprising that
only one oyster was found in the 69 R. bonasus stomachs
examined from there.
In the Rappahanock River, a highly productive river for
growing out seed oysters to market size, commercial oyster
planters periodically report tremendous losses of seed
oysters to cownose ray schools (F. Garrett, commercial
seafood dealer, Bowlers Wharf, Virginia, pers. comm. 1987,
Smith and Merriner 1985).

In a small-scale feeding

experiment, Merriner and Smith (1979a) demonstrated that
cownose rays will feed on oysters and hard clams, both of
which are important components of the Chesapeake Bay
benthos, as well as commercially important species.

CHAPTER THREE:
DISTRIBUTION AND ABUNDANCE OF THE
COWNOSE RAY IN LOWER CHESAPEAKE BAY

INTROD U CTION
The cownose ray, Rhinoptera bonasus, occurs in coastal
Western North Atlantic waters from Massachusetts to Brazil
(Bigelow and Schroeder 1953).

Once reported to be rare in

Chesapeake Bay (Hildebrand and Schroeder 1928), recent
reports indicate that it is abundant in Chesapeake Bay
during summer (Joseph 1961; Hoese 1962; Orth 1975; Smith
1980; Smith and Merriner 1987; Blaylock 1989; Schwartz
1990).

The cownose ray feeds on benthic shellfish,

primarily bivalve mollusks (Mitchill 1815; Smith 1907;
Wallace et al. 1965; Orth 1975; Otwell and Crow 1977;
Merriner and Smith 1979a; Smith 1980; Smith and Merriner
1985); thus, its distribution and abundance in Chesapeake
Bay is of interest because of its potential impact on
already depleted oyster (Crassostrea virginica) stocks and
other commercially important shellfish (Mya arenaria and
Mercenaria mercenaria) .

Traditional methods of fishery
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stock assessment may be impractical because the cownose ray
is not actively pursued in commercial or recreational
fisheries; however, its habit of swimming near the surface
makes it a candidate for abundance estimation using aerial
surveysAerial surveys have been used extensively to examine
the distribution and to estimate abundance of sea turtles
(CETAP 1982; Fritts et al. 1983; Byles 1988) and marine
mammals (for examples see Leatherwood 1979; Barham et al.
1980; CETAP 1982; Fritts et al. 1983; Leatherwood and Reeves
1983; Leatherwood et al. 1984; Blaylock 1988).

Although

most fish do not often occur near the surface and thus, are
not amenable to aerial surveys, a few species do.

For

example, schools of Atlantic menhaden, Brevortia tyrannus,
are routinely located from small aircraft for the commercial
fishery in Chesapeake Bay.

Cownose ray schools encountered

during aerial surveys for red drum (Sciaenops ocellatus) in
the northern Gulf of Mexico were described by Rogers et al.
(1990) and aerial observations of large schools of cownose
rays were reported by Clark (1963) and Blaylock (1989).
Cownose rays were highly visible and often occurred in
large numbers during aerial surveys for estimating
bottlenose dolphin (Blaylock 1988) and sea turtle abundance
(Byles 1988) in the lower Chesapeake Bay in 1980-1981.
Aerial surveys were used to examine the distribution of the
cownose ray in Chesapeake Bay during 1986-1988, and to
estimate its abundance using line transect analysis methods.
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M ETHODS
Surveys were conducted during overflight transect of
lower Chesapeake Bay in a single-engine, high-wing, six
passenger aircraft (U6A DeHavilland Beaver) at an altitude
of 152 m and at an airspeed of 147 km/hr.

An observer at

each side of the aircraft scanned outward from the transect
for animals, including dolphins, sea turtles, and cownose
rays.

Sighting conditions, an estimate of sea state

(modified Beaufort scale, Maloney 1987) and the relative
amount of area obscured by solar glare, were recorded at the
beginning of each transect and changes were noted during
transect.

Upon sighting cownose rays, the declination angle

perpendicular to the transect was measured to the school
center using a hand-held inclinometer for determination of
perpendicular sighting distance (PSD).

Time at sighting was

recorded to later determine school location by backcalculation to time and location of transect initiation.
The lower Chesapeake Bay was divided into four survey
sections for logistical purposes (in latitude from north to
south, with approximate areas in parentheses):

"upper” 38°

10 *N - 37° 56'N (1070 km2); "middle", 37° 55'N - 37° 32'N
(2287 km2); "lower", 37° 20'N - 36° 57'N (1937 km2); and the
area "between", 37° 31*N - 37° 21'N (597 km2) (Figure 3.1).

Figure 3.1

37° OO'

Chesapeake Bay aerial survey sections.
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The location and size of each section was based on previous
surveys aerial surveys for marine turtles and mammals; the
area between lower and middle Bay survey areas had not been
previously surveyed.

Systematic transects were flown along

minute of latitude lines and navigated using Loran C.

The

starting point for each survey was randomly chosen from
among the six northernmost minutes of latitude within the
lower, middle, and upper Bay areas and each of the four
transects in each section were separated by 11.1 km.

Two

transect lines flown during each survey of between area
(added in 1988) evenly divided the coverage of that area
relative to the middle and lower survey areas.
School size (R) was determined by direct count during
transect when possible.

The size of those schools that were

too large or too numerous to allow the direct counting of
individuals was visually estimated and rounded to the
nearest 25 fish.

Schools containing more than 15

individuals were generally too large to count at an airspeed
of 80 kt.

An estimate of error on individual school size

estimates was not obtained because the schools were not
circled for counting or estimating school size.

Geometric

mean school size and its variance were calculated for each
survey using the inverse hyperbolic sine transformation for
the negative binomial distribution (Thoni 1967), because the
school sizes were not normally distributed (Figure 3.2).
Line transect analysis was used to estimate school
density.

Data from all surveys were pooled to model the

Figure 3.2
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probability distribution function (PDF) of the perpendicular
sighting distances (PSD). To compensate for the area
obscured from view beneath the aircraft, that distance
(0.043 km) was subtracted from each PSD before computing the
PDF (but see Leatherwood et al. 1982, for an alternative
method).

The nonparametric hazard rate model was used to

estimate the detection function from the PSD distribution
using the Fortran program HAZARD (Buckland 1983, 1985).

The

PDF evaluated at the transect [£(0)] compensates for the
decreased detection probability with increased distance from
the transect.
School density was determined by:
D = S * £(0) / 2L,
where

S = the number of schools sighted, f(0) = 1/w (with w

= the effective strip half-width) is the value of the PDF
evaluated at the transect, and L = combined lengths of
transect within a survey. The standard error of D was
determined as:
se(D) = S • se[£(0)] / 2L.
Cownose ray density was the product of school density and
mean school size for each survey, and its variance was
estimated by:
s2(P) = R2se(D) + D2se(R) - se(D)se(R),
after Goodman (1960, p.710, eq. 7).
Cownose ray abundance was estimated as:
A = P • [5,891 km2 / Pr (s) ],
where 5,891 km2 = the approximate area of Chesapeake Bay

inclusive of the sections surveyed.

The abundance estimates

assume that cownose rays were homogeneously distributed
through the N-S extent of the Bay.

October abundance was

calculated using the lower survey section area (1,937 km2)
assuming that rays were no longer present in the middle and
upper sections.

Pr(s) is a correction factor to account for

rays that were below the surface when the survey aircraft
passed overhead (Dohl et al. 1986) .

Pr(s) = Ttutftec / (T,urftce +

Tmbmersed) and is the probability that a ray will be at the
surface when the aircraft passes over and represents the
average proportion of time that telemetry-tracked rays
remained within 1 m of the water surface (see Chapter 4).
Monthly mean cownose ray abundance (I

is the line

length-weighted mean of all survey abundance estimates for
that month:
A,* = £ (W;

• A j),

where Ws = L; / 2Lif i = l...n, n = number of surveys in that
month, and A; is the abundance estimate from the ith survey.
The variance of monthly mean abundance was estimated as the
analytical variance of the line length-weighted survey
abundance estimates.

RESU LTS
Thirty eight aerial surveys were conducted in Chesapeake
Bay from 1986 through 1989, but effort was not consistent
among years or locations.

Four surveys were conducted in

the upper section in 1986, 22 surveys were conducted in the
lower section during 198 6-1989, nine surveys were conducted
in the middle section during 1986-1989, and three surveys
were conducted in the between area during 1988-1989 (Table
3.1).

The upper section of Chesapeake Bay was surveyed only

during 1986.

Surveys there were discontinued because of

logistical problems associated with entering restricted
aircraft zones and inaccuracy of the Loran C in that area.
Survey coverage was greatest during June and July with ten
surveys each month, followed by August and September, with
six and seven surveys respectively (Table 3.2).
Approximately 4900 linear km were flown on transect,
effectively covering approximately 1920 km2 based on an
effective strip half-width of 0.196 km (see below).
Approximately 4.5% of the lower section, 2.9% of the middle
section, 12.3% of the upper section, and 10.2% of the
section between lower and middle were visually examined each
time that section was surveyed.

Temporal and spatial

coverage was limited by availability of aircraft, weather,
and other logistical considerations.

Table 3.1
Summary of aerial surveys in Chesapeake Bay for estimating
cownose ray abundance, in chronological order.
Figure 3.1 for section locations.

Refer to

The detection function

was determined using the hazard rate model and f(0) = 5.1079
(SE = 0.1018).

L is length of each survey in km, s is

number of school sightings on transect, R is the geometric
mean school size (rays/school), D is the line transect
school sighting density (schools/km2), F is the estimated
cownose ray density (rays/kmz), and cvP is the coefficient
of variation of P.

Date

Section

L

S

R

D

P

cvP

1986
JUN 8

Upper

132

15

1.4

0.29

0.41

0.29

JUN 22

Upper

143

29

2.9

0.52

1.50

0.21

AUG 25

Middle

157

42

10.2

0.68

7.00

0.17

AUG 31

Upper

123

13

6.3

0.27

1.71

0.28

SEP 9

Lower

132

15

10.1

0.29

2.94

0.26

SEP 28

Upper

109

0

-

-

SEP 29

Lower

132

6

51.2

0.12

5.95

0.41

OCT 17

Lower

124

2

1.0

0. 04

0.04

0.70

-

-

Table 3.1.

Date

Lower Chesapeake Bay aerial surveys,
continued.

Section

L

S

R

D

P

CVP

1987
MAY 29

Lower

132

0

-

-

-

-

JUN 5

Lower

124

0

-

-

-

-

JUN 5

Middle

167

3

2.3

0.05

0.11

0.67

JUN 9

Lower

117

2

4.5

0.04

0.20

0.68

JUN 15

Middle

166

23

1.5

0.36

0.54

0.27

JUN 19

Lower

123

25

1.5

0.52

0.76

0.24

JUN 29

Middle

165

49

1.2

0.76

0.88

0.20

JUN 30

Lower

132

45

1.8

0.87

1.53

0.22

JUL 10

Lower

124

58

1.6

1.20

1.87

0.23

JUL 23

Middle

166

126

3.4

1.94

6.50

0.14

JUL 29

Lower

124

46

3 .6

0.95

3 .46

0.18

AUG 20

Lower

124

28

9.0

0.58

5.22

0.19

SEP 3

Middle

165

4

3.9

0.06 ' 0.24

0.57

SEP 18

Lower

124

8

10.7

0.16

1.76

0.35

OCT 6

Lower

123

2

2.1

0. 04

0. 09

0.70

OCT 30

Lower

123

0

-

-

-

-

NOV 11

Lower

123

0

-

-

-

-

Table 3-1.

Date

Lower Chesapeake Bay aerial surveys,
continued.

Section

L

S

R

D

P

CVP

1988
JUN 8

Lower

132

3

4.9

0.06

0.29

0.59

JUL 4

Lower

123

45

1.7

0.94

1.60

0.21

JUL 29

Lower

124

24

8.5

0.50

4.21

0.21

JUL 29

Middle

167

63

2 .6

0.96

2.53

0.19

JUL 29

Between

61

32

4.8

1.34

6.40

0.16

AUG 1

Middle

167

97

4.7

1.49

7.04

0.14

AUG 1

Between

61

34

3.3

1.42

4.70

0.17

AUG 2

Lower

123

47

4.4

0.98

4.29

0.17

SEP 12

Lower

123

88

19.6

1.83

35.8

0.11

SEP 28

Lower

13 2

51

17.6

0.99

17.4

0.14

1989
JUL 19

Lower

JUL 19

Between

JUL 19

Middle

117

161

2.5

3.52

7.96

0.13

61

35

2.3

1.46

3.29

0.19

166

42

1.9

0.65

1.20

0.22

Table 3.2
Estimated monthly cownose ray abundance (in millions) in
Chesapeake Bay from aerial surveys conducted in 1986-1989.
N is the number of surveys, L is the total length of
transect lines that month (km). Mean and coefficient of
variation (CV) are weighted by survey line-length.
Month

N

L

Minimum

Maximum

MAY

1

132

0

0

JUN

10

1401

0

JUL

10

1233

AUG

6

755

SEP

7

917

OCT

3

NOV

1

Mean
0

CV
—

1.58

0.65

0.08

1.26

9.42

4.03

0.07

1.79

7.41

5.50

0.09

0

37.7

9.32

0.19

370

0

0. 030

0.015

0.28

123

0

0

0

The hazard rate model was fitted to pooled sighting
distribution data and resulted in f(0) = 5.108 with SE =
0.1018 (Chi-square = 2.07, df = 2, Figure 3.3).

The

effective strip half-width [w = l/f(0)] thus was 0.196 km.
Linear regression failed to detect a relationship between
school size and PSD (r = 0.04, P > 0.14, N = 1145, Figure
3.4).

School density ranged from a complete absence of

school sightings to a maximum of 3.5 schools/km2 (Table
3.1) .
Mean school size varied significantly between areas,
years, months, and surveys (ANOVA, P < 0.01) and ranged from
1 to 19.6 rays/school (Table 3.1).

Abundance estimates from

surveys on July 29 and August 2, 1988, did not include a
school later estimated during a dedicated survey to contain
approx. 5 • 106individuals (Blaylock 1989) and this school
was not included in estimating the abundance variance.
Average cownose ray abundance varied by month from June
through October (Table 3.2), with no rays seen in May or
November.

Only two surveys were conducted in May and one in

November, so these observations may be biased by sample
size.

The maximum abundance estimated from a single survey

was 3.8 • 107 cownose rays on September 12, 1988.

Monthly

average abundance increased from June and peaked with a
September mean of an estimated 9.3 • 106 cownose rays.

Mean

cownose ray abundance declined between September and October
(Figure 3.5).

PROBABILITY DENSITY «x)

Figure 3.3

.09 .13 .18
D IS T A N C E F R O M T R A N S E C T (K m )

Distribution of perpendicular sighting distances and the
associated hazard rate model probability density function
With f(0) = 5.108 (SE = 0.1018).
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Plots of sightings by month suggested that cownose rays
were uniformly dispersed in the Bay from June through
August, but were congregated in the southern reaches by
September (Figure 3.6).

Only one survey was conducted in

the upper and middle sections in September, however, so
these data are inconclusive.

Figure 3.6.
Charts depicting the locations of cownose ray sightings
during aerial surveys conducted in June-September, 1986
1989.
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DISCUSSION
Line Transect surveys
Important considerations in the choice of the
appropriate detection function are:

(1) the explicit

assumptions of line transect analysis that the derivative of
g(x) = 0 and (2) that detection probability declines with
distance from the transect.

The hazard rate model (Buckland

1985) meets those assumptions.

In addition, the number of

terms used in the hazard rate model is fixed at two and the
hazard rate model is well-behaved when the PSD data exhibit
a shoulder near the transect (Buckland 1985)
3.3).

(see Figure

Other non-parametric models which have been proposed

for modeling line transect PDFs are the Hermite polynomial
series (Schweder 1977; Buckland 1983, 1985) and the Fourier
series (Burnham et al. 1980).

Three terms were required to

approximate the PSD data with the Hermite polynomial model
and it is less sensitive than the Fourier series to the
number of terms used in the model (Buckland 1985).

Thorough

discussions of line transect survey analyses are provided by
Gates (1979), Seber (1982), Burnham et al. (1980), and
Buckland (1985).
An equally important assumption of line transect theory
is that all objects located directly on the transect are
always counted, that is, Pr[f(0)] = l.

This assumption is

routinely violated in aerial surveys of aquatic organisms
for the obvious reason that animals may be submerged when
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the survey aircraft passes.

Surface swimming behavior of

the cownose ray was observed using biotelemetry (Chapter 4)
to estimate the probability of a ray being near the surface
when the aircraft passed and correct for that source of
negative bias.
The area directly beneath the aircraft was obscured from
view, further violating the assumption of unity probability
of detection on the transect; however, line transect
analysis remains less restrictive in this assumption than
does strip transect analysis.

Strip survey methods assume

that all objects within the strip are always detected.

This

potential source of negative bias was reduced by subtracting
the 0.043 km half-width perpendicular distance which could
not be observed from each sighting PSD.

This technique has

been previously used in line transect analyses of data
gathered from aircraft with limited downward visibility
(Blaylock 1988) ; however, density estimates obtained from
aircraft with limited downward visibility are conservative.

Distribution
The aerial survey data were insufficient to describe the
spatial distribution of the cownose ray in its tributaries;
however, a general description of temporal cownose ray
distribution in Chesapeake Bay is possible.

Cownose rays

were abundant in central portions of the Chesapeake Bay
*

throughout June-August, including channels, in contrast with
the observations of Smith and Merriner (1987) who reported
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only occasional occurrences of cownose rays in deep
channels.

The discrepancy is probably due to the fact that

their observations were made during occasional bay transits
and they conducted no systematic cross-bay surveys.
Smith and Merriner (1987) described cownose ray schools
as remaining in Chesapeake Bay river systems through the
summer.

They reported the occurrence of cownose rays 24 km

upstream in the York River, 38 km upstream in the Potomac
River, and as far as 45 km into the Rappahanock River.

The

aerial surveys reported here did not extend into the
Chesapeake Bay tributaries; however, cownose rays were
observed with regularity in the Rappahanock and Potomac
Rivers during summer pound net surveys (pers. obs., 19791981; and pers. comm., J. Davis, Virginia Institute of
Marine Science, Gloucester Pt., Virginia, 1989).
Observations of temporal distribution from this study
are in general agreement with those of Smith and Merriner
(1987).

They reported first sighting cownose rays in

Chesapeake Bay in mid-May in 1976 and 1977.

Rays arrived

later in 1978 and were not observed until mid-June,
apparently due to a later spring warming.

Schwartz (1967)

reported the arrival of cownose rays in the upper Chesapeake
Bay about June 5.

Only one survey was conducted during May

(1987) and thus, quantitative data on the initial arrival of
cownose rays into Chesapeake Bay are lacking, but rays were
generally abundant by June.
The September peak in abundance in the Chesapeake Bay

probably resulted from the exodus of cownose rays from Bay
tributaries where they are abundant during the summer (Smith
and Merriner 1987).

Systematic aerial surveys during

September 1987-1988 demonstrated a concentration of cownose
ray sightings in the lower bay; however, this may be
misleading because only one survey was conducted in other
sections during those periods.

Smith and Merriner (1987)

reported that cownose rays had left the rivers by September
and that many schools were concentrated on the eastern side
of the bay.

Schwartz (1965) reported mass exodus of cownose

rays from Chesapeake Bay occurring about September 5.
Cownose ray abundance in Chesapeake Bay was low in October
1986-87 and is probably completed by late October.
Schwartz (pers. comm., University of North Carolina,
Moorehead City, North Carolina, 1988) has observed that
immigrating cownose rays tended to enter and remain near the
eastern shore of the bay as they moved northward.
Similarly, Smith and Merriner (1987) reported that many
schools concentrated on the eastern side of the bay in
September prior to emigration.

The congregation of cownose

rays reported by Blaylock (1989) was in the eastern portion
of the bay, and September distribution was skewed towards
the east (Figure 3.6).
The high influx of fresh water occurring in the western
portion of Chesapeake Bay combined with tidal entry of salt
water on the eastern side results in a cross bay salinity
gradient with the highest salinities occurring on the

eastern side.

The cownose ray may require a gradual

adjustment of its osmoregulatory system during migration
from one salinity regime into another.

The clearnose skate,

Raja eglanteria, required up to 3 days to acclimate in full
to a dilution in salinity (Price and Creaser 1967); however,
the clearnose skate always remains hyposaline to its
environment.

In contrast, Scholnick and Mangum (1991) found

that the cownose ray remained hypersaline in low salinity
waters and reported it exceptionally hyperosmotic in low
salinity waters compared with other euryhaline
elasmobranchs.

They suggested the possibility of active

osmoregulation of bodily fluids; however, they were unable
to acquire laboratory data on the dynamic osmoregulatory
response of the cownose ray to salinity changes (pers.
comm., C. P. Mangum, College of William and Mary,
Williamsburg, Virginia, March 1992).
An alternative explanation to the observed migratory
distributions is that cownose rays were following the
salinity gradient for navigational purposes.

This would

not, however, preclude the possibility of a co-occurring
physiological function or restriction.

Abundance
A number of authors have made casual observations on the
abundance of cownose rays in Chesapeake Bay.

Cownose rays

have been variously described as rare (Hildebrand and
Schroeder 1928; Bayliff 1951) to occurring "in unusually

large numbers" in lower Chesapeake Bay (Joseph 1961).

Hoese

(1962) reported a sighting of a school estimated to contain
680 rays and Smith and Merriner (1987) reported the
occurrence of schools of several hundred rays.

Musick

(1972) listed the cownose ray as common in Chesapeake Bay.
Blaylock (1989) documented the presence in lower Chesapeake
Bay in 1988, of a single, massive school containing an
estimated 5 • 106 cownose rays.

Schwartz (1990) reported

witnessing the catch of a school estimated to contain 2 •
10s cownose rays in the Maryland portion of the bay in 1964.
The aerial surveys reported in this report provide further
evidence of an abundant seasonal cownose ray population.
Merriner and Smith
in the

(1979a)polled commercial fishermen

Chesapeake Bay and 54% reported that their catches

of the

cownose ray had increased during the previous 10

years,

39% reported no change, and only 7% reported a

decline.

These, and other data (Schwartz 1965; Musick 1972)

were cited in Merriner and Smith (1979a) to suggest that the
cownose ray population was, or had been increasing in
Chesapeake Bay.

This increase was attributed to the decline

in the haul seine and pound net fisheries there (Merriner
and Smith 1979a).

Schwartz (1976) stated that he believed

an apparent increase in cownose ray numbers to be an
aberration resulting from increased human use of the
Chesapeake Bay and thus, increased sightings of cownose
rays.

He later revised his opinion stating that the

population appeared to be increasing based upon his
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observations of schooling cownose rays along the North
Carolina coast (Schwartz 1990).
The results of the surveys reported herein neither
support nor refute the suggestion of an increased cownose
ray population.

It is clear that the cownose ray population

in Chesapeake Bay is substantial; however, a power analysis
based on a series of surveys over a longer time period
(Gerrodette 1987), or another similarly rigorous statistical
analysis, is needed to determine with any measure of
validity if the population is changing.

The survey results

reported in this paper provide the necessary baseline data
with which to plan a sampling program to make such a
determination.
Although Merriner and Smith (1979a), Smith (1980), and
Smith and Merriner (1985) reported Mya arenaria to be the
preferred prey, oyster planters in Virginia have reported
large losses of planted seed oysters to cownose ray foraging
activities during the summer (pers. comm., F. Garrett,
Commercial Seafood Wholesaler, Bowlers Wharf, Virginia, June
1988).

A seafood wholesaler in Mobjack Bay has resorted to

fencing his hard clam (Mercenaria mercenaria) depuration
beds to deter predation by cownose rays (pers. comm., F.
Phelps, Perrin, Virginia, July 1988).

Merriner and Smith

(1979a) speculated that an increase in cownose ray predation
on privately leased oyster beds in Virginia was attributable
to:
"(1)

the destruction of Mya stocks in the Rappahanock
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River due to Tropical Storm Agnes in 1972.
(2)

the catastrophic decline of oyster production in
Chesapeake Bay over the past 25 years".

Assuming a daily ration of 3% of body weight and an
average weight of 7.13 kg (average weight calculated using
Table 1. from Smith and Merriner 1987,. and length-weight
relationships given in Smith 1980, N = 91), daily
consumption would average 210 g wet weight meat per cownose
ray.

Using the September mean abundance estimate of 9.3 •

106 rays this would result in the harvest of in excess of
1.95 • 103 metric tons of biomass or the approximately 1.6
• 10s bu daily of seed oysters or small hard clams.
It is not clear whether the cownose ray feeds
continually or episodically, so the true magnitude of impact
on bivalve mollusc stocks is unknown.

The high population

density and relatively large size of the cownose ray
suggests that its trophic role is probably significant;
however, the impact of the large cownose ray population is
poorly understood in terms of trophic dynamics in the
Chesapeake Bay estuarine system.
Indirect effects of cownose ray foraging activities may
also be significant.

Disturbance to seagrass (Zostera

marina) beds has been reported (Orth 1975); however, it has
not been clearly demonstrated that this disturbance is
deleterious over the long term.
Further research is warranted, especially in light of
recent interest in the potential for developing a cownose

ray fishery in lower Chesapeake Bay.

Elasmobranchs in

general (Holden 1974), and cownose rays in particular
(Merriner and Smith 1979a; Smith 1980; Smith and Merriner
1985) , are slow growing and have low fecundity.

Such a

resource under exploitation would require careful management
to preclude a population collapse.

CHAPTER FOUR:
SWIMMING BEHAVIOR OF THE COWNOSE RAY

IN TR O D U C TIO N
Biotelemetry is an important method for studying animal
behavior in nature.

It allows monitoring of an animal's

movements and often, aspects of its physiology, while
minimally influencing its behavior.

The advent of

microchips and related sub-miniature devices has enabled
investigators to study the behavior and movements of
vertebrates with virtually no effect on the animal subject.
Monitoring an animal's actual movements allows a much more
accurate and realistic view of home range and habitat
utilization than do other methods, such as live-trapping for
small mammals or trawling for fish, and allows highly mobile
animals to be closely monitored over long periods of time.

Ultrasonic Telemetry
Ultrasonic monitoring has been used extensively in
recent years to study the movements of aquatic organisms
such as sharks (Ferrel et al. 1974, Sciarrotta 1974, Nelson
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1974, Sciarrotta and Nelson 1977, Klimley et al. 1988,
Scharold 1989, Morrissey 1991), tuna (Yuen 1970, Carey and
Lawson 1973), salmon (Trefethen 1956), and marine turtles
(Musick et al. 1984, Byles 1988).

The advent of multi

channel transmitters has enabled investigation of aquatic
animals' physiological functions under natural conditions
(Carey and Lawson 1973, Scharold 1989) and has provided
investigators with simultaneous measurements of the external
environment (Sciarrotta and Nelson 1977, Scharold 1989).
Such data are prerequisite to understanding the ecology of
organisms inhabiting an environment that cannot be directly
viewed by the investigator.
Even where direct observation is possible, remote
monitoring avoids complications resulting from effects of
the investigator's presence on the animal's behavior.

It

has been shown for penguins that a transmitter weighing 6%
or less of the animal's body weight has no effect on its
ability to forage normally (Wilson et al. 1986).

Externally

carried transmitters weighing less than 3% of the fish mass
had no short-term effect on cownose ray swimming behavior
(Blaylock 1990).

Radio Frequency Telemetry
As with ultrasonic telemetry, radio frequency (RF)
telemetry has also seen an increase in usage in recent
years.

RF transmitters have been attached to a number of

different species to monitor their movements and habitat
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utilization, including home range determinations.

The

reader can acquire an idea of the number and variety of
species (including man) which have been studied by RF
telemetry by consulting the table of contents of A Handbook
on Biotelemetrv and Radio Tracking (Amlaner and Macdonald
1980).

They are simply too numerous to list here.

Aquatic animals which spend a large amount of time at
the water's surface such as cetaceans (e.g. Evans 1971, Ray
et al. 1978, Wiirsig 1982) and marine turtles, for example
the loggerhead, Caretta caretta, (Musick et al. 1984, Byles
1988), have been successfully tracked using RF telemetry.
Leatherwood and Evans (1979) reviewed RF-telemetric studies
of cetacean movements and behavior.

Such studies of marine

mammals and turtles have provided previously unknown
information on the amount of time spent at the surface,
breathing rates, and swimming speed of these species; data
which were otherwise impossible to obtain in natural
habitat.
RF waves are quickly attenuated with increasing
conductivity of the transmission medium.

Thus, while useful

in the study of freshwater fishes, the use of RF telemetry
is extremely limited in the marine environment.

If a fish

occurs with regularity near the surface, however, RF
telemetry can provide a measure of the amount of time spent
there.

This information is unobtainable using depth-

transmitting sonic telemetry because of interference with
the sonic signal caused by reflection from the water's
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surface.

Concurrent Use of Ultrasonic and RF Telemetry
The increased speed of sound in water makes sound the
telemetry medium of choice for studies of individual fish
movements in the marine environment;

however, there are

problems associated with its exclusive use.
range is a serious limitation.

Transmission

Range increases at lower

frequencies; however, low frequency transmission requires
more energy than high frequency.

The magnitude of the

energy applied to the transmitter is a function of the size
of the batteries.

Thus, the range at which a signal can be

detected underwater must be compromised with the maximum
weight and bulk which can be carried by the study animal
without affecting its behavior.

Typically, the maximum

range for a sonic transmitter operating at 30-40 KHz and
which can be carried by an adult cownose ray without adverse
effects on its behavior is approximately 2500 m under ideal
conditions (Blaylock 1990 and pers. obs.); however,
conditions are seldom ideal.

Such a device weighs

approximately 70 g in water and has dimensions of 13 cm long
x 3 cm diameter.
Other variables limiting sonic transmission range in
water are wave action and density discontinuities.

Wave

action exceeding one meter in amplitude may reduce the
distance at which the signal can be detected to less than
100 m (pers. obs.).

Thermoclines and vertical fronts
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reflect and refract sound waves, reducing or sometimes
eliminating signal strength at the receiver.

These are

problems which cannot often be anticipated or compensated
for.
RF telemetry in the marine environment is problematical.
RF can only be used at the surface because of severely
reduced range in the marine environment.

If the subject

spends much time near the surface however, RF telemetry can
enable its location from distances far exceeding those
obtainable with sonic telemetry.

At a frequency between

150-151 MHz, signals from a transmitter of small dimensions
(9.5 cm length x 2.0 cm diameter) can be received from over
10 km distant, enabling location of the subject even if the
sonic signal is lost.

This is an important advantage

considering the combined costs of equipment, manpower, and
boat time.
RF telemetry, as previously mentioned, also provides
information on surface swimming behavior.

These data are

important to understanding habitat use by fishes which
sometimes swim near the surface.

Additionally, these data

are necessary to estimate the number of submerged, and thus
unseen, cownose rays present during aerial surveys for
abundance estimation.
Used together, ultrasonic and RF telemetry enhance the
data acquisition capabilities of either used alone and the
RF transmitter allows location and retrieval of both
transmitters at the scheduled end of the tracking session.
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METHODS AND M A TERIA LS
Cownose ray movements were studied using ultrasonic and
RF telemetry to track individual rays in Chesapeake Bay and
in Bay tributaries.

Adult cownose rays were obtained from

commercial fishermen's pound nets for tracking.

Pound nets

are fixed and have a large impoundment which fish are
funneled into and trapped and cause no apparent trauma or
damage to the fish.

Immediately upon removal from the net,

the ray was anesthetized in an aerated solution of 30-70
mg/L benzocaine and ambient water to reduce trauma and avoid
escape behavior and physical injury to the animal.
A combined ultrasonic/RF transmitter (Custom Telemetry
and Consulting, Athens, Georgia, USA) was attached to a 1 m
tether which was connected with a galvanic timed release
(GTR) link to a soft plastic-covered harness passing through
the ray's spiracles (Fig. 4.1).

This configuration allowed

the RF antenna to remain upright when at the surface.

The

GTR link was designed to dissolve after a specific time to
allow retrieval of the transmitter package.

Experiments

conducted prior to deployment in the field demonstrated that
neither the tag nor the method of attachment measurably
affected swimming behavior (Blaylock 1990).

Figure 4.1

RF/SON1C TRANSMITTER
FLOATATION COLLAR
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O
3
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l
3
=3
IDENTIFICATION TAG

35mm

COWNOSE RAY HARNESS

Schematic representation of the RF/sonic transmitter and
attaching harness.
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Transmission frequencies were 30-40 KHz (ultrasonic) and
150-151 MHz (RF) .

Some of the ultrasonic transmitters were

equipped with pressure sensors which varied the pulse rate
with depth.

These were calibrated prior to deployment by

hanging them over the side of a boat on a line incremented
in meters and recording the intervals between pulses
corresponding to depth.

Linear regression was used to

calculate a pulse interval-to-depth conversion equation.
Individual rays were followed in a small boat for
periods ranging from 6 to 18 hours.

RF transmission

frequencies were monitored continuously to determine the
frequency and duration of near-surface swimming.

The ray's

location was determined by listening through a directional
hydrophone and positioning the boat so that the signal
amplitude was approximately equal in all directions.
Locations were determined using Loran C and recorded at
intervals generally ranging from 10 min to 1 h.

Each

tracking session was plotted using the Fortran program
"Bayplot" geographical plotting program developed by the
Virginia Institute of Marine Science.
Tidal current direction was obtained from NOAA-NOS Tidal
Current Tables (Anon 1987, 1988, 1989) for comparison with
the mean angular travel direction of ray movement.

Tidal

velocity was calculated from the Tidal Current Tables for
the time of day corresponding to the temporal half-way point
between each recording of the ray position.

These

velocities were then compared to point-to-point swimming
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speed of the telemetered ray.

The possibility of a

relationship between the tidal current velocities and ray
swimming speed was examined using linear regression and
means were compared using the Mann-Whitney U-test.
Compass bearings between locations were obtained from
the Loran C, weighted by the swimming speed, and used to
test the null hypothesis of random movement using a modified
Rayleigh test (Batschelet 1972, 1981).

The approximate 95%

confidence interval (95% c.i.) on the mean angle was
determined from Table B.2 in Zar (1984, p. 665, reproduced
from Batschelet 1972).

The tidal direction was considered

to be significantly different at the P = 0.05 level if it
was outside of the approximate 95% c.i. on the mean angle.

RESULTS
Six cownose rays (four females and two males) were
followed in the Chesapeake Bay and its tributaries during
1986-1989 (Table 4.1).

The average track time was 7.1 h (SD

= 3.1 h) and ranged from 4.3 to 13.5 h.

Cownose rays

tracked ranged in size from 70 to 91 cm disk width (DW)
(mean DW = 83 cm, SD = 8 cm) .

Equipment failure precluded

the determination of cownose ray swimming depth from the
pulse intervals of the sonic signal.

Intervals between

location fixes varied greatly due to a variety of factors.
Details of each tracking session are given below and Figure

4.2 shows the locations in Chesapeake Bay where tracking
took place.

Table 4.1.
Cownose ray biotelemetry tracking sessions.

No. is the

field number which is referenced in the text, SIZE is disk
width in cm, and TIME is the duration of the tracking
session in hours.
DATE

NO.

SEX

SIZE

LOCATION

TIME

9/18/86

86-1

F

82

Potomac River

13.5

5/28/87

87-1

F

70

Chesapeake Bay

6.0

5/29/87

87-2

F

90

Chesapeake Bay

5.8

6/16/87

87-3

M

77

York River

4.3

6/21/88

88-1

M

90

York River

4.8

9/6/89

89-1

F

91

York River

7.9

Figure 4.2

Chart of Chesapeake Bay showing the locations of the
cownose ray tracking events.
in following figures.

Details of tracks are shown
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cownose Ray No. 86-1
A female cownose ray (DW = 82 cm) was obtained from a
pound net on the south side of the Potomac River
approximately 3 mi from its mouth at 0800 h.

It was

released 1 mi to the northwest at 0830 h about l h prior to
the beginning of ebb tide.

Only an ultrasonic frequency

transmitter was attached to this ray and anesthesia was not
used (this was the only exception).
The ray remained apparently stationary for approximately
0.5 h after release, but by 0930 h it had moved about 0.3 km
from the release location (Figure 4.3).

It was sighted

swimming strongly at the surface at about 1100 h and dove
when approached.

Attempts were made to record its location

at 15 min intervals, but locations were actually recorded
less frequently during the 16 h tracking day (Table 4.2).
Tracking was terminated at 223 0 h due to the loss of the
transmitter signal in rough seas.
The null hypothesis of random, uniform circular movement
was rejected when movements were separated by tidal stage.
The mean angular direction of the ray's travel on ebb tide
was 121° (approximate 95% c.i. = ± 28°, P < 0.05, Moore's
modification of the Rayleigh test, Batschelet 1981).

Mean

direction of travel was 327° (approximate 95% c.i. = ± 35°, P
< 0.05).

The ray moved in the direction of the tidal flow

on both ebb and flood tides (Figure 4.4).

Mean direction of

current flow was 117° on the ebb tide and 296° on the flood
tide.

The ray's direction of movement was not significantly
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different from tidal current flow direction.
Mean swimming velocity of the cownose ray, 0.28 m/sec
(SD = 0.17,) was significantly different from mean tidal
velocity (0.14 m/sec, SD = 0.11) (Mann-Whitney U test, 0.025
< P < 0.05).

There was no linear relationship between tidal

velocity and ray swimming velocity (r = 0.29).

Figure 4.3

Chesapeake
B ay

38 ° 00'

Potomac
River

0830

2200

Chart depicting movements and locations of cownose ray
number 86-1.

Table 4.2
Details of cownose ray track No. 86-1, on 18 September 1986.
Latitude and longitude are in degrees and minutes, velocity
is in m/sec, and bearing is in degrees relative to true
north.

The ray showed little movement during the first

hour, so swimming velocity and bearing were not calculated.
TIME

LATITUDE

LONGITUDE

VELOCITY

BEARING

0830

37 56.4

76 16.8

RELEASE

0900

37 56.3

76 16.6

—

—

0914

37 56.0

76 16. 6

—

—

0926

37 56.1

76 15.9

—

—

0951*

37 56.2

76 15.8

0.16

45

1027

37 56.6

76 16. 0

0.27

345

1059

37 56.8

76 15.8

0.27

45

1130

37 57.0

76 16.2

0.30

309

1200

37 57.1

76 16.2

0.10

7

1245

37 57.5

76 17.2

0.55

304

1320

37 57.9

76 17.9

0.53

313

1400

37 57.8

76 17.6

0.21

345

L550**

37 57.9

76 17.6

0

—

1805

37 57.2

76 17.1

0. 19

158

1830

37 57.2

76 17. 2

0

Table 4.2. Continued

TIME

LATITUDE

LONGITUDE

VELOCITY

BEARING

1955

37 57.1

76 16.4

0.22

106

2057

37 57.2

76 15.1

0.50

91

2118

37 56.9

76 14.7

0.59

141

2156

37 56.5

76 13.8

0.65

126

2226

37 56.4

76 13.3

0.41

111

*

Approximate beginning of flood tide.

**

Approximate beginning of ebb tide.

Figure 4.4
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Flood

180

Angular movements of cownose ray number 86-1 on ebb and
flood tide (solid lines are vectors).

Dotted lines show

approximate 95% c.i., dashed line is mean angle, and filled
triangle is direction of tidal current.
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Cownose Ray No. 87-1
A female cownose ray, DW = 70 cm, was collected from a
pound net near the Chesapeake Bay mouth between Lynnhaven
Inlet and Cape Henry on 28 May 1987.

An ultrasonic/RF

transmitter was attached as previously described and the ray
was released a few hundred yards north of the net at 0730 h
(Table 4.3).

The ray moved inshore near the capture

location where it remained until it began to move slowly
away from shore at about 1200 h (Figure 4.5).

The

transmitter was recovered after it released from the ray at
1330 h.
The hypothesis of random, uniform movement was rejected
(P < 0.05, modified Rayleigh test).

The mean angular

direction of cownose ray movement was 52° (approximate 95%
c.i. = ± 23°) and did not differ significantly from the
direction of the outgoing tidal current (70°, a = 0.05,
Figure 4.6).
Ebb tide occurred from approximately 1000-1440 h.

Mean

tidal velocity was 0.31 m/sec (SD = 0.07) and differed
significantly from mean swimming velocity of the cownose ray
(0.20 m/sec, SD = 0.04, Mann-Whitney U test, 0.01 < P <
0.025).

This included approximately 4 h of relatively

stationary behavior lasting until about 1200 h.

There was a

strongly positive linear relationship between cownose ray
swimming velocity and tidal velocity after 1100 h when the
ray began moving (r = 0.99); however, the low number of data
points (N = 4) render these results ambiguous.

Figure 4.5

Chesapeake
Bay

1330

Cape
H enry
0730

Chart depicting locations and movements of cownose ray
number 87-1.

Table 4.3
Details of cownose ray track No. 87-1, on May 28, 1987.
Latitude and longitude are in degrees and minutes, velocity
is in m/sec, and bearing is in degrees relative to true
north.
TIME

LATITUDE

LONGITUDE

VELOCITY

BEARING

0730

36 55.2

76 3.2

RELEASE

—

0830

36 55.2

76 3.2

0

—

0900

36 55.3

76 3.2

0

—

1000

36 55.3

76 3.2

0

—

1055

36 55.3

76 3.2

0

—

1157

36 55.3

76 2.7

0.15

82

1254

36 55.9

76 2.4

0.22

51

1318

36 55.8

76 2.2

0.25

37

Figure 4.6

0

270 -

180

Angular movements of cownose ray no. 87-1 (solid lines are
vectors).

Dashed line represents the mean angular swimming

direction of the cownose ray, the dotted lines are the 95%
e.i., and the filled triangle depicts the mean tidal current
direction.
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Cownose Ray No. 87-2
A female cownose ray, DW = 90 cm, was obtained from a
pound net near the mouth of the Chesapeake Bay between
Lynnhaven Inlet and Cape Henry on May 29, 1987, at
approximately 0900 h.
abdomen was swollen.

The ray may have been gravid as her
An ultrasonic/RF transmitter was

attached as previously described.

The ray was released

several km north of the pound net at 0925 h and tracked
until the transmitter was released at 1518 h (Figure 4.7).
The transmitter signal was lost for a period of about 2 h,
between 1200-1400 h.

After an extensive search, the signal

was relocated emitting from the shipping channel.

The ray

remained in this location until about 1430 h when a large
submarine passed through the channel heading into the Bay at
a high rate of speed.

The ray then started moving rapidly

down the channel towards the sea.
The RF signal was received for 5.5 min during the 2.5 h
morning tracking period indicating that the ray was near the
surface.

It was not received when the ray was in the deep

shipping channel and that period was not used in determining
the amount of time the ray was near the surface, because it
remained relatively stationary.
Tracking took place during the ebb tide.

The null

hypothesis of circular, random movement was rejected (P <
0.05, modified Rayleigh test).

The mean angular direction

of the cownose ray travel was 81° (approximate 95% c.i. = ±
80°) and did not differ significantly from the calculated
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direction of the tidal current (70°) (Figure 4.8).
The point-to-point swimming speed of the ray averaged
0.25 m/sec (SD = 0.23) and was not significantly different
from the mean tidal current velocity of 0.21 m/sec (SD =
0.04) (Mann-Whitney U test/ p > 0.20).

There was no linear

relationship between cownose ray point-to-point swimming
speeds and tidal current velocity computed for the same time
of day (r = 0.16).

Figure 4.7
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Chart depicting the locations and movements of cownose ray
number 87-2.

Table 4.4
Details of cownose ray track No. 87-2, on May 29, 1987.
Latitude and longitude are in degrees and minutes, velocity
is in m/sec, and bearing is in degrees relative to true
north.
TIME

LATITUDE

LONGITUDE

VELOCITY

BEARING

0933

36 56.8

76 4.6

RELEASE

—

1000

36 57.3

76 4.8

0.46

335

1030

36 57.5

76 4.5

0.31

52

1100

36 57.2

76 4.0

0.41

121

1200

36 57.3

76 4.1

0.05

315

1352

36 57.6

76 3.6

0.14

51

1518

36 56.8

76 1.5

0.75

117

Figure 4.8

0

180

Angular movements of cownose ray 87-2 (solid lines are
vectors).

Dashed line is mean angle, dotted lines show

approximate 95% c.i., and filled triangle is tidal current
direction.
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Cownose Ray No. 87-3
A male cownose ray, DW = 77 cm, was retrieved from a
pound net near the Chesapeake Bay mouth, between Lynnhaven
Inlet and Cape Henry, and transported by truck to VIMS in
oxygenated seawater on June 13, 1987.

It was placed in a

large circular tank with 50 /wn-filtered York River water
flowing through and fed oysters for 3 days.

The ray was

removed from the tank and transported to the York River
mouth by boat in aerated ambient water for release on June
16, 1987.

An ultrasonic/RF transmitter was attached as

previously described and the ray was released at 0840 h and
was followed until approximately 1300 h (Figure 4.9).
The RF signal was not received during this tracking
session which indicated that the ray did not swim near the
surface during this period.
The null hypothesis of random, circular movement was
rejected at P < 0.05 (modified Rayleigh test).

Mean angular

direction of ray travel was 257° (approximate 95% c.i. = ±
13°) (Figure 4.10), mean tidal current direction at flood
stage was 251°, and there was no significant difference
between direction of cownose ray travel and current flow (a
= 0.05).
The mean current velocity was 0.21 m/sec (SD = 0.04) and
did not differ significantly from the mean swimming speed of
the ray (0.25 m/sec, SD = 0.23, Mann-Whitney U test, P >
0.20).

Point-to-point swimming speeds and tidal current

velocities were not linearly related (r = 0.16).

York
River

0900
1300

Figure 4.9

Chart showing the locations and movements of
cownose ray number 87-3.

Table 4.5
Details of cownose ray track No. 87-3, on June 16, 1987.
Latitude and longitude are in degrees and minutes, velocity
is in m/sec, and bearing is in degrees relative to true
north.
TIME

LATITUDE

LONGITUDE

VELOCITY

0900

37 14.2

76 21.5

RELEASE

1000

37 14.5

76 21.7

0.15

0

1040

37 14.8

76 21.6

0.15

15

1110

37 14.7

76 22.2

0.41

262

1132

37 14.6

76 22.9

0.72

255

1202

37 14.6

76 23.4

0.41

280

1230

37 14.6

76 23.6

0.10

243

1255

37 14.6

76 23.8

0.10

265

1300

37 14.6

76 23.9

0.77

282

BEARING
—

Figure 4.10
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Angular movements of cownose ray 87-1 (solid lines are
vectors).

Dashed line is mean angle, dotted lines are

approximate 95% c.i., and filled triangle is mean tidal
current direction.
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Cownose Ray No. 88-1
A male cownose ray, DW = 92 cm, was obtained from a
pound net near the mouth of the York River on 21 June 1988
and an ultrasonic/RF tag was attached as previously
described.

The ray was released at 0614 h, several hundred

meters from the net near the main river channel (Figure
4.11).

On this and the subsequent tracking study, Loran C

radio time delay (TD) coordinates were not converted to
latitude and longitude in order to avoid the potential error
associated with the conversion algorithms used by the Loran
C.

Tracking was terminated at 1100 h due to boat motor

failure.
The mean direction of cownose ray movement (165°) was
not significantly different from random, circular movement
(P > 0.20, modified Rayleigh test)(Figure 4.12); thus, there
can be no meaningful comparison with the mean tidal current
direction.
Maximum ebb tide occurred at approximately 0850 and the
mean tidal current velocity during the tracking session
(0614 h - 1100 h) was 0.36 m/sec (SD = 0.08).

Mean cownose

ray swimming velocity was 0.28 m/sec (SD = 0.25) and was not
significantly different from the mean tidal velocity (MannWhitney U test, P > 0.20).

There was no linear relationship

between ray point-to-point swimming speeds and associated
tidal current velocities (r = 0.52),

Figure 4.11

York
River
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1100

76 °20*

Chart showing the plotted movements and locations of
cownose ray number 88-1.

Table 4.6
Details of cownose ray track No. 88-1.

TDl and TD2 are

Loran C time delay coordinates, velocity is in m/sec, and
bearing is in degrees relative to true north.

Time delays

were used instead of latitude and longitude to avoid the
error associated with conversion algorithms.
BEARING

TIME

TDl

TD2

VELOCITY

0614

27290.1

41455.0

RELEASE

0710

27288.8

41444.7

0.44

193

0740

27287.7

41444.5

0. 10

112

0810

27287.9

41443.0

0. 10

223

0825

27287.7

41442.9

< 0.01

129

0842

27288.4

41441.3

0.44

248

0855

27287.2

41440.4

0.47

127

0913

27288.7

41445.3

0.69

353

0945

27289.1

41445.2

< 0.01

277

1020

27288.8

41444.6

< 0.01

159

1100

27287.2

41436.1

0. 54

185

—

Figure 4.12
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Angular movements of cownose ray 88-1 (solid lines are
vectors).

Dashed line is mean angle (not significant) and

95% c.i. could not be determined.
direction of tidal current.

Filled triangle is
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Cownose Ray No. 89-1
An adult female cownose ray (DW = 90 cm) was obtained
from a pound net near the mouth of the York River on
September 1, 1989 and transported in aerated ambient water
to a tank equipped with 50 /im-filtered ambient York River
water flowing through.

The ray was fed small hard clams

(Mercenaria mercenaria) for four days prior to release.

It

was captured from the tank by draining the water,
transferred to a transport tank containing aerated ambient
York River water and 30 mg/L benzocaine, and taken
approximately one mile from shore where a transmitter
package was attached as previously described and the ray was
released at 0900 h (Table 4.7).

The signal was lost almost

immediately and was regained after an extensive search at
approximately 1300 h on the opposite side of the York River
channel from which it was released.

It was tracked in the

York River until 1700 h (Figure 4.13) when the transmitter
detached and was recovered floating at the surface.
Movement was significantly different from random
(modified Rayleigh test, P < 0.05).

The mean direction of

cownose ray movement was 87° (approximate 95% c.i. = ± 30°)
(Figure 4.14) during the ebb tide which began at
approximately 153 0 h.

The mean direction of the ebb tidal

current was 124° was significantly different from the
cownose ray swimming direction, but only slightly so, and
cownose ray movement was generally downstream.
Cownose ray mean swimming velocity was 0.29 m/sec (SD =

0.24) and did not differ significantly from the mean tidal
current velocity of 0.21 m/sec (SD = 0.12) ( Mann-Whitney U
test, P > 0.20).

There was no linear relationship between

cownose ray point-to-point swimming velocities and tidal
current velocities (r = 0.20) occurring at the same time.

Table 4.7
Details of cownose ray track No. 89-1.

TDl and TD2 are

Loran C time delay coordinates, velocity is in m/sec, and
bearing is in degrees relative to true north.

Time delays

were used instead of latitude and longitude to avoid the
error associated with conversion algorithms.
TIME

TDl

TD2

VELOCITY

BEARING

0857

27329.0

41445.0

RELEASE

—

1251

27321.8

41432.5

REGAINED

SIGNAL

1327

27323.0

41429.9

0.36

248

1345

27322.7

41429.5

0.02

142

1406

27321.2

41428.9

0.29

117

1425

27320.6

41428.3

0.16

165

1445

27320.8

41429.3

0.15

7

1512

27320.7

41429.7

0.01

65

1529

27319.0

41432.4

0.73

76

1545

27317.0

41434.3

0.77

85

1603

27315.1

41433.8

0.51

112

1613

27315.0

41433.5

0.03

159

1635

27313.6

41436.0

0.42

73

1650

27314.3

41435.9

0.21

283

Figure 4.13

0900

York
River
^ 1300

1700

Yorktown

Chart showing locations and movements of cownose ray
number 89-l.

Figure 4.14

0

270

180

Angular movements of cownose ray 89-1 (solid lines are
vectors).

Dashed line is mean angle, dotted lines are

approximate 95% c.i., and filled triangle is mean tidal
current direction.
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Surface Swimming Behavior
Cownose ray no. 86-1 was one of only two of the tracked
rays seen swimming near the surface; however, the amount of
time it spent near the surface could not be determined
because it was not equipped with a RF transmitter.

The

equipment used to receive and record the pulse interval of
the pressure sensing transmitters did not operate adequately
to maintain an accurate depth record.

Only ray 87-2 was

recorded at the surface from the RF signal during 1987.

It

swam near the surface for 1.68% of the total tracking
period.

It was the second of two rays seen at the surface

while being tracked.

Cownose rays no. 87-1 and no. 87-3

were not recorded swimming near the surface.

The mean

percent of the total tracking time that the three cownose
rays tracked in 1987 spent at the surface was 0.56% (SD =
0.79%).

The cownose ray tracked briefly in 1988, no. 88-1,

was not recorded swimming near the surface.

Cownose ray 89-

1 spent 1.75% of the total tracking time at the surface in
1989.

The mean time spent at the surface for all rays

equipped with a RF transmitter was 0.69% of the total
tracking time (SD = 0.84).
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DISCUSSION
Orientation
The tidal current directions reported in the NOAA-NOS
Tidal Current Tables (Anon 1987, 1988, 1989) reflect net
tidal directional transport.

Associated statistics such as

standard deviation were not reported.

Therefore, it could

not be stated with any real degree of certainty that a ray
moved in the same direction as the tidal current.

What

could be stated unambiguously is whether or not one could
reject the null hypothesis that the ray's direction of
movement was the same as the mean net tidal current
direction.

However, prior to testing this hypothesis, it

must be established that the movement exhibited by the ray
was not random.
Each of the cownose rays tracked during the course of
this study except for no. 88-1 exhibited directional
movement statistically different from random, circular
movement.

While it is difficult to draw any conclusions

from this fact alone, it is significant that the mean
direction of movement of all but one which showed directed
movement was statistically undifferentiated from the
reported mean direction of the tidal current.

The one

exception, cownose ray no. 89-1, did move downstream during
the ebb tide, but the 95% c.i. on its mean angular direction
of movement did not include the tabulated mean tidal current
direction.

This can be accounted for if the tabulated mean
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tidal current direction was not the actual direction of the
tidal current in the location of the ray, which was south of
the main channel.
Tidal stream transport may provide an energetic
advantage for migrating fishes.

North Sea plaice

(Pleuronectes platessa) and sole (Solea solea) were observed
by de Veen (1978) to consistently select tidal currents
before leaving the bottom.

It has been suggested that

plaice can use tides to migrate by resting on the bottom
when the tide is moving against the migration direction and
swimming with the current when the tide is moving in the
direction of migration (Greer Walker et al. 1974).

Weihs

(1978) showed that an appreciable energy savings could be
gained by using tidal stream transport for migration.
The energetic savings gained by fishes using tidal
transport during migration is no less real for fishes which
are not migrating, but which forage on patchy resources
distributed over wide areas.

The cownose rays followed

during this study were probably not migrating, but they may
have been engaged in searching for prey.

In addition to the

energetic advantage associated with moving with the tide in
general, moving upstream with the incoming tide would allow
access to buried intertidal mollusks which are unavailable
at low tide.

Velocity
There was no significant difference between the mean

swimming velocity of the cownose rays and the mean tidal
current velocity (paired t-test, P > 0.50).

This suggests

that the rays drifted passively and did not actively swim
with the tidal current; however, the negative buoyancy of
the cownose ray requires that it actively swim to maintain
position in the water column.

Weihs (1973a) suggested that

negatively buoyant fishes may gain increased swimming range
by adopting a swimming style involving a phase of powerless
gliding accompanied by a gradual decrease in depth, followed
by active swimming upward at an angle until attaining the
original height in the water column.

This behavior may be

the "specific glide pattern" referred to by Schwartz (1967),
although Schwartz related this behavior specifically to
feeding.

The advantage to increased range is the potential

increase in encounter rate with a widely disbursed and
patchy prey.
Weihs (1973a) showed that a decrease in speed
accompanied the glide/swim style of locomotion employed by
negatively buoyant fishes, up to 12% for fishes using
anguilliform swimming motions.

He did not calculate the

potential speed reduction encountered by myliobatid rays,
however, which use a propulsion method more akin to aerial
flight than to swimming.

Additionally, because of their

peculiar hydrodynamic shape, the angle of glide of a cownose
ray probably differs significantly from that of the fish
models he employed.

These factors may have combined to

reduce the average swimming speed.

Table 4.8
Cownose ray mean swimming speed (Vray) compared to mean tidal
current velocity (Vtidc) in m/sec.
Ray No.

V
v ray

86-1

0.28

0.15

87-1

0.20

0.31

87-2

0.34

0.27

87-3

0 . 25

0.21

88-1

0 . 28

0.36

89-1

0.30

0.21
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Teaf (1980) showed that the Atlantic stingray, Dasyatis
sabina, used tidal current transport to extend its foraging
area in coastal regions which exhibited tidal currents above
an undetermined threshold.

He suggested that the selective

advantage of the hydrodynamic shape of the stingray and the
•'swim/glide11 behavior was an increase in foraging range
accompanied by a reduction in energy expenditure.

It seems

reasonable that the similarly-shaped cownose ray probably
achieves the same advantages by utilizing tidal current
transport.

The minimum tidal current velocity necessary to

release this behavior is unknown and is an interesting topic
for further research.

Effects of transmitter on behavior
Blaylock (1990) showed that the externally attached
transmitter package used in this study should have had no
effect on the number of wing beats per second (BPS) of the
experimental cownose rays of adult size.

This assumed that

BPS was related to swimming speed; however, Heine (1992)
determined that BPS did not vary with the swimming speed of
cownose rays in a flume.

The only data available from

Blaylock (1990) which relate to the actual swimming speed of
cownose rays with transmitters attached are relative to the
other rays in the experimental tanks and are of a
qualitative nature.

The smaller experimental subjects did

show an increase in BPS compared to none in the larger
subjects and the larger subjects appeared to maintain the
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same swimming speed as their unencumbered cohorts when
swimming together in the same tank.
The transmitter could have had an effect on surface
swimming behavior.

The tank in which the larger captive

rays were observed was only one meter in depth.

It was thus

impossible to examine surface-swimming and diving behavior.
It is possible that the relatively short tracking times may
not represent normal swimming behavior because there may be
a post-release adjustment period.

If this was the case,

then the factor used to compensate for rays submerged during
the aerial surveys described in Chapter Three may be in
error.

The similarity between the monthly mean abundance

values estimated using this factor and the estimated size of
the large school quantified in 1988 (Blaylock 1989) using
photogrammetry suggests that the compensating factor is at
least of the appropriate order of magnitude.

CHAPTER FIVE:
FEEDING ECOLOGY OF THE COWNOSE RAY IN
LOWER CHESAPEAKE BAY

IN TR O D U C TIO N

Much of the impetus for the research reported in the
preceding chapters, and indeed, most of the research
conducted on the cownose ray to date, resulted from a
perception that cownose ray predation was responsible for
significant commercial losses to the Virginia oyster
industry.
The problems besetting Virginia's commercial oyster
industry are actually attributable to a variety of factors,
including hurricane Agnes in 1972 (Haven et al. 1977) , and
more recently to the oyster pathogens Perkinsis marina and
Minchinia nelsoni.

Historical overharvesting is likely to

have played a significant role in reducing the current
oyster harvest as well (Rothschild et al. unpub.).

Although

the scientific evidence gathered so far suggests that the
cownose ray has played an insignificant role in the gradual
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demise of the commercial oyster industry in lower Chesapeake
Bay and its tributaries (Merriner and Smith 1979a; Smith and
Merriner 1985), the occurrence of large numbers of cownose
rays in the bay (Blaylock 1990) has occasionally led to
calls for their harvest and eradication.

A feeding

experiment conducted by Merriner and Smith (1979a) lent some
credence to the belief that the cownose ray could be a major
predator on oysters (Crassostrea vlrginica).

Cownose rays

kept in an experimental pen consumed all of the oysters and
hard clams placed on natural bottom and many of the oysters
placed on cultch.

Smith and Merriner (1985), however,

failed to show that the oyster was a significant component
of the cownose ray diet.

Instead, the soft clam (Mya

arenaria) predominated in the stomachs of cownose rays
collected in the lower York River, with Macoma balthica
ranking second in terms of overall importance.

Shell

fragments of blue mussel (Mytilis edulis) and razor clam
(Tagelus plebius) were found in stomachs of rays from the
Chesapeake Bay mouth.
Given the large numbers of cownose rays presently
occurring in the Chesapeake Bay during the summer (Chapter
Three) , it was felt that more information on cownose ray
feeding would be of value.

This section reports on

opportunistic examinations of cownose ray stomach and spiral
valve contents.

94

M ETHODS
Cownose rays were collected opportunistically from a
variety of sources including from pound nets, from aboard a
small boat or pier with a harpoon, and with a 30 m otter
trawl from aboard a commercial fishing vessel.

The

locations of capture varied and are listed in Table 5.1.
Each ray was weighed when possible, its sex determined, and
the disc width (DW) measured.

The stomach and spiral valve

were removed and fixed in 10% neutral buffered formalin with
their contents.

After fixation, stomach and spiral valve

contents were transferred to 95% ethanol and were each
measured separately in a graduated cylinder to determine
volumes.
Stomach contents were examined under a dissecting
microscope; however, identification of prey to species level
was generally not possible, but most of the shell fragments
could be identified to family.

The dearth of identifiable

whole or semi-whole organic remains in the stomach contents
precluded the calculation of an index of relative importance
sensu Pinkas et al. (1971). In addition, a large amount of
unidentifiable organic matter mixed in with the shell
fragments in the stomachs confounded calculation of the
cownose ray contribution to shell recycling and sediment
deposition in the Chesapeake Bay.
Inspection of the spiral valve contents under a
dissecting microscope revealed very few organic remains, so

I decanted them (< 1% of the total volume) and calculated
the volumetric contribution to the sediments using only the
spiral valve contents.

Shell fragments from spiral valves

were air dried and weighed on a metric balance to the
nearest 1 g for calculating the mass contribution of
sediment.

I have made familial identification of

predominating shell fragments where possible.

RESULTS
In general, neither the stomach nor the spiral valve
contents could be unequivocally identified to species.
Stomach contents consisted of shell fragments mixed with
very small unidentifiable pieces of organic matter, while
spiral valves contained mostly crushed shell fragments.

One

exception to this was the stomach contents from a ray which
had been captured in a pound net and contained the partially
digested remains of a relatively whole fish (spot,
Leiostomus xanthurus).
The stomach of the adult male cownose ray collected in
the York River (Table 5.1) contained a few fragments of
shell which appeared to be hard clam (Mercenaria mercenaria)

Table 5.1
Catches of cownose rays for stomach and spiral valve
collection (CB refers to Chesapeake Bay).

See Figure 5.1

for chart showing locations.
Date

Location

Gear

Number

5/19/86

York River

Harpoon

1

7/15/86

Potomac River

Pound Net

10

5/16/89

CB Middle Ground

Trawl

23

5/16/89

CB Cape Charles

Trawl

2

5/16/89

CB Kiptopeake

Trawl

8

5/18/89

Virginia Beach

Trawl

5

7/10/89

CB Middle Ground

Trawl

3

7/10/89

CB Kiptopeake

Trawl

2

Figure 5.1

37° 00*

76X00

Chart of Chesapeake Bay showing cownose ray capture
locations.
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and the spiral valve was empty.

The stomachs and spiral

valves from rays captured in the pound net in the Potomac
River were empty except for the one stomach containing the
partially digested spot.

All except two of these were adult

specimens of both sexes.
The majority of the cownose rays examined were collected
using the 30 m trawl from aboard the commercial trawler FV
Anthony Ann in the lower Chesapeake Bay and off Virginia
Beach.

The five specimens captured off Virginia Beach were

all adult males and only one had gastro-intestinal contents.
The stomach and spiral valve of this specimen were empty,
but it had approximately 50 ml ‘of mussel shell in its
rectum.

The specimens from Chesapeake Bay, almost without

exception, had been recently feeding and provided sufficient
samples for analyses.
The trawl-caught rays ranged in size from juveniles to
adults and included both sexes (Table 5.2).

Bivalves of

the families Solenidae (Ensis sp.) or Psammobiidae (Tagelus
sp.)

(razor clams) and Mytilidae (mussels) were identified

from the stomachs and spiral valves these specimens, with
razor clams predominating.

Mussels (cf. Mytilis edulis)

formed the bulk of the diet of those rays caught near Cape
Charles where mussels often predominated in the trawl catch
as well.

Fragments of razor clams, probably Ensis sp. or

Tagelus sp., dominated the stomach and spiral valve contents
of rays caught in the Chesapeake Bay Middle Grounds.

One

ray was captured off Kiptopeake with predominantly mussels

Table 5.2
Details of trawl-caught cownose ray specimens.

Size is era,

content is biological family predominating in spiral valves
identified from shell fragments where S stands for Solenidae
or Psamraobiidae (razor clams), M stands for Mytilidae
(mussel), and E is empty, Wt. is weight of spiral valve
contents in g, NE is not examined, and ND is not determined.
Mid. Grnd. is an abbreviation of Chesapeake Bay Middle
Grounds and C. Charles is an abbreviation for Cape Charles.
The specimens from off Virginia Beach were omitted because
their stomachs and spiral valves were empty.
Date

Location

Size

Sex

Content

Wt.

5/16/89

Mid. Grnd.

65

ND

S

18.4

5/16/89

Mid. Grnd.

62

ND

S

8.9

5/16/89

Mid. Grnd.

56

ND

S

3.5

5/16/89

Mid. Grnd.

62

M

S

15.1

5/16/89

Mid. Grnd.

60

F

S

14.4

5/16/89

Mid. Grnd.

61

M

S

12.5

5/16/89

Mid. Grnd.

NE

M

S

18.1

5/16/89

Mid. Grnd.

66

M

S

16.7

5/16/89

Mid. Grnd.

60

ND

S

14.9

5/16/89

Mid. Grnd.

63

M

S

18.5

5/16/89

Mid. Grnd.

63

M

S

19.7

Table 5.2. Continued.

Date

Location

Size

Sex

Content

Wt.

5/16/89

Mid. Grnd.

66

ND

S

8.2

5/16/89

Mid. Grnd.

65

F

S

24.2

5/16/89

Mid. Grnd.

56

M

s

4.3

5/16/89

Mid. Grnd.

65

F

s

11.6

5/16/89

Mid. Grnd.

47

M

s

12.2

5/16/89

Mid. Grnd.

61

F

s

16.5

5/16/89

Mid. Grnd.

54

ND

s

10.4

5/16/89

Mid. Grnd.

62

F

s

17.6

5/16/89

Mid. Grnd.

54

F

s

10.3

5/16/89

Mid. Grnd.

62

F

s

14.6

5/16/89

Mid. Grnd.

55

M

s

10.3

5/16/89

Mid. Grnd.

55

M

s

14.6

5/16/89

Kiptopeake

96

M

s

58.2

5/16/89

Kiptopeake

89

M

s

37.8

5/16/89

Kiptopeake

63

F

M

20.9

5/16/89

Kiptopeake

95

M

s

43.4

5/16/89

Kiptopeake

89

M

s

56.9

5/16/89

Kiptopeake

89

M

s

36.0

5/16/89

Kiptopeake

95

M

s

16.0

Table 5.2. Continued.

Date

Location

Size

Sex

Content

Wt.

5/16/89

Kiptopeake

94

M

s

54.8

7/10/89

Mid. Grnd.

63

F

s

15.8

7/10/89

Mid. Grnd.

97

F

S

62.4

7/10/89

Mid. Grnd.

55

F

S

13.5

7/10/89

Kiptopeake

67

F

M

18.4

7/10/89

Kiptopeake

54

F

E

0

7/12/89

C. Charles

76

F

M

49.3

7/12/89

C. Charles

90

F

M

24.9
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in its gut; however, all others from this location had been
feeding predominantly on razor clams.

Razor clams were not

caught in the trawl in appreciable quantities, nor later
with an oyster dredge; however, their burrowing behavior
makes them generally unavailable to these types of sampling
gear.
The sex ratio of the trawl-caught cownose rays was 0.78
males:females and rays between 60-80 cm DW predominated in
the trawl samples (Figure 5.2).

The mean DW of the trawl-

caught rays was 68 cm (SD = 15 cm) and the mean weight was
5.7 kg (SD = 4.4 kg).

The mean volume of stomach contents

was 39 ml (SD = 55 ml) and the mean volume of spiral valves
was 124 ml (SD = 76 ml).

The mean weight of shell fragments

contained in the spiral valves was 21.4 g (SD = 16.1 g).

I

reported DW in table 5.2 for ease of reference, but linear
regression of spiral valve contents (weight or volume)
against DW did not produce as good a fit as a regression of
spiral valve contents weight against cownose ray weight
(Figure 5.2).

Regression of spiral valve content weight and

cownose ray weight (both in g) produced the relationship:
W ,v content*

4.025 + 0.00323Wcownoseray

with r = 0.86, SEcocmcicnl = 0.00029, and n = 35.

Log

transformation of either or both variables failed to improve
upon the linear fit.

Figure 5.2
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Regression of spiral valve content weight against cownose
ray weight.

SVC = 4.025 + 0.00323CRW, r = 0.89, N = 35.
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DISCUSSION
Smith and Merriner (1985) described mechanical aspects
of cownose ray feeding behavior, based upon observation of
the excavations produced and aspects of cownose ray anatomy.
A steep-sided, deep (to 30 cm) excavation surrounded by a
broader (up to 1 m dia.), shallow excavation characterized
sites where cownose rays were observed feeding.

The broad

excavation was thought to be produced by flapping of the
pectoral fins while the deeper excavation was hypothesized
to have been produced by the mouth using suction produced by
rapid expansion of the buccal chamber.

The subrostral flaps

probably aid in restricting the suction force in the lateral
plane, in addition to other functions (see Smith and
Merriner 1985).

Ingested sediments may be vented through

the ventral gill slits during feeding (Smith and Merriner
1985 and pers. obs.).

It was not determined whether shell

fragments from its prey were mixed in with the vented
sediments.
Using the regression of spiral valve content weight
against cownose ray weight (Figure 5.2) and substituting the
mean weight of Smith’s (1980) sample of 7.1 kg (see Chapter
Three), the amount of shell converted to sediment by cownose
ray feeding was calculated to be approximately 27 g/ray.

If

this value is extrapolated to the September mean cownose ray
abundance estimate of 9.3 • 106 rays, it represents an
addition of coarse sediment to the benthos of approximately
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25 metric tons.

The periodicity of cownose ray feeding is

unknown, thus the total contribution of coarse shell
fragments to the sediments cannot be estimated.

What effect

this contribution may have on the benthic ecology of
Chesapeake Bay, if any, is also unknown.
Orth (1979) described the "destruction" of eelgrass
(Zostera marina) beds by cownose ray feeding; however, the
possible long-term effects of this activity on eelgrass beds
are not known.

Reinspection of the sites described by Orth

(1979) might prove informative.
Predation on seed oyster beds by cownose rays
undoubtedly occurs, although the anecdotal reports have been
difficult to confirm scientifically.

Cownose rays have not

been captured while actively feeding over seed oyster beds,
nor have rays been captured with significant amounts of
oyster tissue in their stomachs.

It is clear from the

results of this study and from those of Smith and Merriner
(1985), however, that the cownose ray is an predator on
bivalve mollusks.

It appears not to specialize within that

group, but probably preys on the species most locally
abundant.

Although it may prey on commercial shellfish

stocks, it is clearly not restricted to those species.
Merriner and Smith (1979) conducted a small-scale
feeding experiment to determine if the cownose ray showed a
prey preference between hard clams and oysters, but the
results were inconclusive.

It would be instructive to

conduct further tests of the cownose ray's prey preference

and include other species of prey, such as mussels, razor
clams, and other bivalve mollusks common to Chesapeake Bay
and its tributaries.

It would also be useful to conduct

feeding experiments to determine the periodicity of cownose
ray feeding, gut residence times, and food requirements.
These data might provide us with a better understanding of
the role of the cownose ray in the trophic dynamics of
Chesapeake Bay.

CHAPTER SIX:
ADDITIONAL OBSERVATIONS AND
CONCLUSIONS

The cownose ray has received increased research interest
in recent years, primarily due to its role as a predator on
bivalve mollusks, but also because of its abundance, ease of
capture, tractability in captivity, and because of increased
interest in the relatively little-studied batoid taxa.
Heine (1992) recently completed a study of the mechanics of
cownose ray swimming behavior and Scholnick and Mangum
(1991) have investigated some aspects of its physiology.

In

the preceding chapters I have quantified cownose ray
occurrence in the lower Chesapeake Bay, described its
temporal distribution, and described some aspects of its
swimming and feeding behavior from field observations.

This

work was intended to add to the work done by Smith (1980),
Merriner and Smith (1979a), and Smith and Merriner (1985,
1986, 1987) who described many aspects of the natural
history of the cownose ray in lower Chesapeake Bay.

In

spite of these and the current study, there remains much to
be learned about the cownose ray.
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In Chapter Four I showed that the cownose rays I tracked
tended to move in the direction of the tidal current in the
short-term.

Weihs (1978) calculated that such behavior

generally results in an energetic savings.

Weihs (1973)

noted that a negatively buoyant, dorso-ventrally flattened
fish should gain an energetic savings by using a swim and
glide method of propulsion.
Heine (1991) discovered that the cownose ray generated
its main propulsive force on the upstroke.

This resulted in

a downward force which was resisted by the flattened body to
produce forward propulsion in a manner similar to that of a
sail.

It seems plausible that this same principle would

allow a shallow angle of downward movement during gliding
and result in continued forward movement with no additional
energy expenditure.

Heine's (1991) flow tank experiments

did not examine this aspect of cownose ray swimming, but I
have visually observed that swimming cownose rays often
glide after several propulsive pectoral flaps.
Tracking experiments using depth-transmitting sonic
transmitters, an omni-directional hydrophone, and a
continuously recording receiver interfaced into a portable
computer would allow continuous monitoring of a cownose
ray's position in the water column.

These data could be

used to test the hypothesis that cownose rays typically use
the "swim and glide" method in nature and would allow
calculation of the energetic savings gained by this
behavior.
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Longer-term tracking studies should be undertaken to
examine diel movement patterns and determine if these fish
exhibit home ranges or homing behavior.

Basic theoretical

work on prey search strategies, handling time, and optimal
foraging theory relative to the cownose ray are lacking.
The ease of capture and hardiness of the cownose ray
provides an exciting avenue for basic behavioral research
using telemetry.

Finally, this type of telemetry could be

used to calculate energy requirements.

With the appropriate

sensors, aspects of physiology such as heart rate could be
studied and related to behavior such as swimming and
feeding.
In Chapter Three, it was shown that in, terms of sheer
numbers, the cownose ray must be considered an important
component in the Chesapeake Bay ecosystem.

As an apex

predator on bivalve mollusks, its abundance suggests that it
plays an important role in the trophic dynamics of the
Chesapeake Bay.

It was pointed out in Chapter Five that

most details of its feeding behavior such as prey
preference, feeding periodicity, and maintenance ration of
the cownose ray remain unknown.

It is known that it feeds

on bivalve mollusks, yet there is no rigorous experimental
evidence to prove that it routinely feeds on the most
conveniently available species.

Laboratory experiments

should be undertaken to investigate prey selection by the
cownose ray.
The practice of broadcasting seed oysters on privately
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leased river bottoms for grow out and subsequent harvest
obviously provides a readily available and concentrated prey
resource for the cownose ray.

It is, therefore, not

surprising that oyster planters periodically report the
decimation of seed oyster beds to foraging cownose rays.
Impact on market-sized oysters on public, naturally
occurring, oyster beds does not seem to be as great as that
reported for seed oyster beds, but cownose ray foraging
activity has not been quantified in either type of
environment.
Smith and Merriner (1985) described the appearance of
adult oyster shell remaining after predation by cownose
rays.

The top valve was usually broken, but still attached

to the lower valve, and the meat was removed.

During dredge

surveys of Virginia public oyster grounds over a five-year
period, I have occasionally encountered shells that had this
appearance, but it was a relatively rare occurrence.

CONCLUSION
I have endeavored to add to the general knowledge of the
cownose ray in response to concerns over its impact on
commercial shellfish stocks.

Its diet of bivalve mollusks

and occasional occurrence in extraordinarily large numbers
makes it an important predator in the Chesapeake Bay trophic
system.

Still, there are relatively little quantitative

data available regarding its actual impact on benthic

Ill

bivalve molluscan fauna in Chesapeake Bay.

In spite of its

role as a competitor with man for limited shellfish
resources, no studies have been dedicated to quantifying the
trophic role of the cownose ray in Chesapeake Bay or its
tributaries.

Decisions made regarding its management,

either as a pest or as an exploitable resource, should take
into consideration the possible effects on other trophic
levels and in order to do this, much additional study is
needed.
In this, and preceding chapters, I have suggested
several topics for further research which might provide
insight into the role of the cownose ray in the Chesapeake
Bay ecosystem.

Aside from resource management and

ecological concerns, the cownose ray provides an excellent
living model for basic research.

Its predictable

distribution and abundance, ease of capture, tractability in
captivity, and robust strength make it an ideal fish for
basic behavioral research.
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